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ABSTRACT 



FOREIGN PATENT DOCUMENTS 
W0 84A)1293 4/1994 WIPO . 



A pneumatically-Operated gas demand apparatus coupled in 
intemiptible fluid communication between a recipient and a 
first source of a pressurized first gas contr<ds delivery of die 
first gas to the recipient as die recipient inhales and exhales 
and conqnises a supply valve and a sensing valve. The 
supply valve has a first interior chamber divided by a flexible 
first diaphragm into a supply chamb^ region and a control 
chamber region. The supply chamber region is in intemipt- 
ible fluid communication between the first source of the first 
gas and the reci|^ent The control chamber region Is in 
continuous fluid communication with a second source of a 
pressurized second gas. The sensing valve has a second 
interior chamber divided by a flexible second di^hragm 
into a venting chamber region and a sensing chamber region. 
The venting chamber region is in intemiptible fluid com- 
munication between the control chamber region and an 
ambient air environment The sensing chamber region is in 
continuous fluid communication with the redpi^t. When 
the recipient inhales, the second di^hragm moves to a 
flow-causing position to cause the second gas to flow into 
the ambient air environment and causes the first diaphragm 
to move to a flow>supplying position thereby delivering the 
first gas to the recipient When the recipient exhales, the 
second diaphragm moves to a flow-stopping position to 
prevent the second gas to flow into the ambient air envi- 
ronment and causes the flrst diaphragm to move to a 
flow-blocking position thereby preventing delivery of die 
first gas to die recipient 

13 Claims, 9 Drawing Sheets 
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PNEUMATICALLY-OPERATED GAS stream upon and during the inhalation phase. Unfoitunately, 

DEMAND APPARATUS the air remaining in the patient's respiratory passageway Le. 

the nasal cavity and the throat, is first taken into the lungs 

FIELD OF THE INVENTION upon inhalation. The oxygen-enriched air then foUows the 

The present invention relates to a pneumaticany-opoatcd ^ remaining air and only q)piowniatcly one^half of the 

gas demand apparatus coupled in intemiptiblc fluid com- oxygeMnnched air ever reaches the lungs. Hie remaining 

munication between a recipient and a first source of a one-half <rf the oxygen<nnched air remains in the patient's 

pressurized first gas and adaptcdfor controlling ddivcxy of [cqnratocypMsagcway during the wanm^ 

the first gas to the recipient as the recipient inhales and and is ttie first to be exhaled therefrom during cxha- 

exhales. Moiepaiticularly,thciHcscntinvcntionrclatestoa l^^n. It would be bcnefiaal to the patient if this air 

pneumaticaUy-opcratcd gas demand apparatus coupled in Tcmampg in Ac patient s respiratory passageway after 

intemiptiblc fluid communication between a recipient/ exhalation could bt purged or otherwise enriched with 

patient and a source of pressurized oxygen or othci gas and J^^P" ^^^^ Such an approach is utilized in 

adapted to deUver that gas to the redpient^i^tient when the 4,686,974 to Sato et al. 

redpient^Nitient inhales. TTic present invention can deliver There is a need in the industry to provide a pneumatically- 

and operate with a single gas such as oxygen or it can deliver opaatcd gas demand apparatus which can control delivery 

one gas such as oxygen and operate vh&i another gas such oxygen to die redpient^tient as the recipient inhales and 

as con^iressed air to reduce waste of ^ostty oxygen. ITie exhales while minimizing wastage of oxygen. It would be 

present invention also delivers a high-flow pidse of gas upon advantageous of this pneumatically-operated gas demand 

initiation d ttie patient's inhalation phase of &e breathing apparatus can deliver a high-flow pulse of oxygen to the 

cycle, and can therefore be used to power a nebulizer redpient^patieht upon oommenoement of the inhalation 

containing medication through a breathing circuit to a pbase of the patient's breathing cycle, Sudi a high-flow 

patient pulse of oxygen delivered upon conunenoement of the 

inhalation ph^ would enrich flie air remaining in the 

BACKGROUND OF THE INVENTION 25 patient's lespiiatoiy passageway upon inhalation and, simul- 

Manymedicalpaticnts suffering from any one of a variety ^^ously therewith, purge some 
of lung ailments are often prescribed supplemental oxygen ^^'""^ 'f'^f^ ^ advantageous if this 
tficrapy so that the patient could breath oxygen^nriched air Pncumaticafly-opaated gas demand apparati^ can deliver a 
throughout the day and sometimes throughout the night 3. <^^°tmuous flow of oxygen mmi«U^ 
Eariier supplemental oxygen therapy employed a nasal ^? ^^^F^ ""^y^ throughout the reaming 
camiuiasy^mopcxably connected bSweei a ^""^ mhatation. Tlie present invention satisfies this 
I^cssed oxygen and the patient's nose. Oxygen was con- """^ advantages, 
tinuously delivered to the patient throughout the patient's OBJECTS AND SUMMARY OF THE 
entire tircathing cyde. This method of continuously deliv- 35 INVENTION 
cring oxygen to the patient throughout the patient's breath- 
ing cycle was considered wasteful because much of the ^ object of the present invention is to provide a 
oxygen dissipated into flic ambient air environment Better pnwimatically-operated gas demand apparatus for coupling 
methods of delivering oxygen to the patient were latex ^ intemiptiblc fluid communication between a recipient^ 
devdopcd which induded in^oved equipment that would ^ patient and a source of pressurized oxygen which can 
only deliver oxygen to the patient during the inhalation control delivery of oxygen to the rec:^ient/paticnt as flie 
phase of tiie paticnt*s breathing cycle. Usually, this redpient inhales and exhales while minimizing wastage of 
inqiroved equipment employed a demand valve which oxygen. 

opened to ddiver supplemental oxygen to the patient only Another object of the present invention is to provide a 

when the patient inhaibd.NuiDexous types of demand valves 4^ pneumatically-openiled gas demand apparatus which can 

are wdl known in the prior art deliver a high-pressure bolus of oxygen to die reorient/ 

One such demand valve is described in U.S. Pat Na pnticnt upon commencement of the inhalatioD phase of the 

5360,000 to Carter. This demand valve is compact, simpli- rcdpient/patient's Inreathmg cyde and a continuous flow of 

fled and totally pneumatic. The demand valve which is oxygen thereafter and throughout the remaining period of 

coupled between a source of pressurized gas such as oxygen 50 P^gative pressure defining the inhalation phase of the hrcath- 

and die patient indudes a valve body having a gas flow cyde. 

passageway and pneumatically-coupled sensing and slave Yet another object of the present invention is to provide a 

diaphragms. The slave dia9)hragm is interposed in the gas pneumatically-operated gas demand apparatus which is 

flow passageway and prevents gas from flowing during the simple in design and con^wct. 

exhalation phase of the patient's respiratory cycle. During 33 A still furdier object of the present invention is to provide 
inhalation, which is sensed by a sensing diaphragm, the a pneumaticaliy-cpcratcd gas demand apparatus which can 
slave dii^)hragm moves to open the gas flow passageway, be fabricated from readily available components cr can be 
thus permitting flow of gas to the patient Aldiough e£fective integrated into a unitary construction, 
in delivering gas to a patient upon demand, diis demand Accordingly, a pneumatically-operated gas demand ^pa- 
valve has an inherent problem. When the patient inhales to SQ ratos of the present bvention is hcrdnaftcr dcsoibcd. The 
cause delivery of oxygen to patient, oxygen is also vented pneumatically-operated gas demand apparatus is cwipled in 
into die ambient air environment for as long as the slave interruptible fluid communication between a recipient (or 
di^hragmrcmains opened. This leads to wastage of oxygen patient) and a first source of a pressurized first gas and is 
which is the very problem that demand valves were designed adapted f<x controlling ddivery of the first gas to the 
to prevent 65 redpient as the redpient inhales and exhales. In its broadest 
Furthermore, this demand valve has an inherent defi- f<xm, the pneumatically-operated gas demand apparatus 
dency of delivering gas to the patient in a continuous flow indudes a supply valve and a sensing valve. The supply 
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valve iDdudes a supply valve housing and a flexible first closed condition and an opcDed condition. In the dosed 

di^hiagm member. The supply valve housing defines a first condition, an upstream portion of the supply regulator 

interior chamber formed therdn. The first diaphragm niem- chamber region is in fluid isolation with a downstream 

ber is disposed within the first interior chamber and is portion of the supply regulator chamber region. In the 

connected to the supply valve housing in a manner to divide 3 opened condition, the upstream portion of the supply regu- 

the first interior chamber into a supply chamber region and lator chamber region is in fluid cormmmication with the 

a control chamber region. The supply chamber region Is in downstream portion of the supply regulator chamber region, 

intemiptible fluid communication with and between the first The valve assembly is resiliently and yiddably biased 

source of the first gas and the recipient and the control against the regulator diaphragm in the closed condition and 

chamber region is in continuous fluid communication with a the regulator diaphragm is resfliently and yieldably biased 

second source of a pressurized second gas. The first dia- against the valve assembly in the opened condition. When a 

phragmmemberisopcrativetohcnncticaUysealthcsupply 8^ pressure of the first gas reaches a threshold gas 

dia4er region and the control duunber region from one Fissure amountm the downstream pomon of the supply 

another and is operative to move between a flow-Woddng reguLOorcl^region^^ 

^ A 11™ . .^o;*:«« condiUon. When the first gas pressure is less than the 

posmonandaflow.sopplymgposihon. IS threshold gas pressure amouil. the valve assembly is in the 

The sensmg valve mcludes a sensmg valve housing and a opened condition, 
flexible second diaphragm member. The sensing valve hous- pneumatically-operated gas demand apparatus also 
ing defines a second mtenor chamber formed therein. ITie indudes a bolus chamber structure, a supply orifice element 
second diaphragm member is disposed within the second ^nd a pUot orifice dement The bolus chamber defining a 
interim diamber and is connected to the sensing valve 20 bolus chamber therein is disposed between and in fluid 
bousing in a manner to divide the second interior chamber communication with the regulator mechanism and the sup- 
into a venting chamber region and a sensing chamber region. piy chamber region of the supply valve. The supply orifice 
The venting chamber region is in intemiptible fluid com- clement having a supply orifice formed therethrough is 
munication with and between the control chamber region of disposed between the regulator mechanism and die bolus 
the first interior chamber of the supply valve and an ambient 25 chamber structure. The pilot orifice element having a pilot 
air environment and the sensing chamber region is in orifice extendhig therethrough is disposed between the sec- 
continuous fluid communication with the redpient. Hie ond source of pressurized second gas and the control cham- 
second diaphragm member is operative to hermetically seal ber region of the supply valve. The supply orifice and the 
the venting chamber region and the sensing chamber region pilot orifice can be dther fixed in size or an adjustably 
from one another and is responsive, when the recipient 30 variable in size. 

inhales and exhales, to move between a flow-stopping Preferably, the first gas and the second gas are oxygen 
position and a flow-causing position. When the recipient and, therefore, the first gas and the second gas are the same, 
inhales, the second diaphragm member is in die flow- with the first and second gases being the same, the first 
causing position thereby causing the second gas to flow from source and second source of pressurized gas could also, but 
the control diamber region, through the venting chamber 35 not necessarily, be the same. The first gas and the second gas 
region and into the ambient air environment whidi, in turn, can be different from each other. If so, the first source and 
causes the first diaphragm member to be in the flow- the second source must also be different from one another, 
supplying position thereby delivering the first gas frt>m the The first gas and the second gas arc sdected from either 
first source of pressurized first gas to the redpient When the different ones or the same one of a group of gases consisting 
redpient exhales, the second diaphragm member is in the 40 of oxygen, nitrous oxide, air and other types of gases, 
flow-stopping position thereby preventing the second gas to These and other objects of the present invention will 
flow from the control chamber region, through the venting become more readily ^jpredated and understood from con- 
chamber region and into the ambient air environment which, sideiation of the f <dlowing detailed description of the exem- 
in turn, causes the first diaphragm member to be in the plaiy enibodiments of the present invention when taken in 
flow-Uoddng position thoeby preventing delivery of the 45 conjunction with the accompanyiag drawings, in which: 

pn Ji^S'i.per.tcd gas demand apparatus DESCRIFnON OF THE DRAWINGS 

indudes a regulator mryhaniism disposed between and in FIG. 1 is partially a schematic view and partially an 

intemiptible fluid communication with Ihe first source of the elevational side view in cioss-section of a first exen^ary 

first gas and the supply chamber region of the supf^y valve. 50 embodiment of a pneumatically-operated gas demand appa- 

Hie regulator mechanism which can be adjusted con^nises ratus of the present invention shown coupled between and in 

a regulator housing, a flexible regulator diaphragm and a fluid communication with a single source of pressurized gas 

valve assembly. The reguLitor housing ddines a regulator and a recipient with a supply valve in a flow-blocking 

chamber therein. The regulator diaphragm is disposed position and a sensing valve in a flow-stopping position as 

within the regulator chanabcr and is connected to the regn- 55 a resiilt of flie rec^ient exhaling; 

lator housing in a manner to divide the regulator chamber FIG, 2 is partially a schematic view and partially an 

into a vented regulator chamber region whidi is in continu> elevational side view in cross-section of the first cxemplaiy 

ous fluid communication with the ambient air environment embodiment of the pneumatica]ly-q)mted gas demand 

and a supply regulator chanabcr region which is in inter- apparatus of the present invention shown coupled between 

ruptible fluid communication between the first source of 60 and in fluid communication with tfie single source of pres- 

pressurized first gas and the supply chamber region of flie surized gas and the redpient with the supply valve in a 

supply valve. The regulator diaphragm is operative to her- flow-supplying position and the sensing valve in a flow- 

mctically seal the vented regulator chamber region and the causing position as a result of the redpient inhaling; 

supply regulatCH* chamber region from one another. FIG. 3 is an enlarged elevational side view in cross- 

Thc valve assembly is opcrably connected to the regulator 65 section of the supply valve in the flow-supplying position 

di^hragm and is disposed within the supply regulator and the sensing valve the flow-causing position as shown in 

diamber region. The valve assembly is operative between a FIG. 2; 



02/27/2004, EAST Version: 1.4.1 



5,666,945 

5 6 

FIG. 4 is ao elevatioQal side view in cross-sccdon of a fluid conmmiucation between a recipient 12 and a source 14 

second exemplary embodiment of the pneumatically- of pressurized oxygen. Conventional tubing 16 inteicon- 

operated gas demand apparatus of the present invention nects pneumatically-operated gas demand j^paratus 10 to 

integrating the suj^ly valve, the sensing valve and a rcgu- source 14 and a partitioned, nasal cannula assembly 18 

lator mechanism into a unitary construction with a valve 5 interconnects pncumatically-operated gas demand apparatus 

assembly of the regulator mechanism in a closed condition; 10 and recipient 12. A dual-lumen, nasal cannula assembly 

FIQ. 5 is an elevational side view in cross-sectiotf of the (not shown) can also be employed and is well known in the 

second exemplary embodiment of the pneumatically- art and no additional explanation thereof is deemed neces- 

operated gas demand apparatus of the present invention of sary to practice the present invention. A first lumen 20 of 

FIG. 4 with die valve assembly of the regulator medianism dual-lumen, nasal cannula assembly 18 is connected 

in an opened condition; between pneumatically-opezated gas demand apparatus 10 

FIG. 6 is a diart illustrating graphically a flow-rate of the and a cannula 22 to conduct oxygen (as shown by dashed 

gas being delivered to the recipient by the pneumatiddly- arrows in FIG. 2) to a nose 22 of recipient 12. A second 

operated gas demand apparatus of the present invention and lumen 4 is connected between pneumatically-q>erated gas 

superinq)osed onto a sign wave reflecting an inhalation ^5 demand apparams 10 and cannula 22 to act as a conduit so 

pressure and exhalation pressure of the reci^nt Ihron^out that inhalation pressure and exhalation pressure (as shown 

the recipient's breathing cycle; by solid double-line arrows in FIGS. 1 and 2) from recipient 

FIG. 7 is partially a schematic view and partially an 12 can be conveyed to pneumatically-opiated gas demand 

elevational side view in cross-section of a third exenqilary apparatus 10, As a result, pneumatically-operated gas 

embodiment of the pneumaticaUy-opcratcd gas demand 20 ^^^^^^ apparatus 10 is adapted for controlling delivery of 

2^aratus of the present invention shown coupled between gaseous oxygen to recipient 12 as recipient 12 inhales and 

and in fluid communication with two sources of different exhales. 

pressurized gases and a redpicnt with the supply valve in the Again, with reference to FIGS. 1 and 2, pneumatically- 

flow-Uoddng position and the sensing valve in the flow- operated gas demand apparatus 10 con^iiscs a supply valve 

stopping position as a result of the recipient exhaling; 25 ^ ^ sensing valve 30. Supply valve 28 includes a supply 

FIG. 8 is partially a schematic view and partially an valve housijig 32 and a flexible first diaphragm member 34. 

elevational side view in ooss-section of the third exemplary Supply valve housing 32 defines a fir.st interior chamber 36 

embodiment of the pneumatically-openited gas demand which is fomied therein. Flexible first diaphragm member 

i^aiatus of the present invention shown coupled between 34 is disposed within first interior chamber 36 and is 

and in fluid comnuinication with the two sources of different so connected to supply valve housing 32 in a manner to divide 

pressurized gases and the redpient with the supply valve in interior chamber 36 into a supply chamber region 38 

the flow-supplying position and the sensing valve in the ^ control chamber region 40. Supply chamber region 38 

flow-causingposition as a mult of the recquent inhaling one is in intenuptible fluid communication with and between 

while the odier gas vents to ambient aii environment; source 14 of the pressurized oxygen and recipient 12. 

FIG. 9 is an elevational side view in cross-section of a 35 Througihout flie description of the exemplary embodiments, 

fourth exemplary embodiment of the pneumatically- the phrase, •Hntemqrtihle fluid communication" is used and, 

operated gas demand apparams of the present invention ^ ^"X ^ sample only, **intciniptihle fluid communica- 

integrating the supply valve, the sensing valve and the means that sometinies supply chamber region 38 is in 

regulator medianisminto a unitary construction with a valve canamunication with source 14 while at o<her times 

assembly of the regulator mechanism in a closed condition 40 siqjply chamber region 38 is not in fluid conmmnkation 

and with tfie supply valve and tiie sensing valve having source 14. Contnd chamber region 40 is in continuous 

independent Inlets for receiving reflective ones of the two cominnnication with source 14 of pressurized oxygen, 

different gases from independent sources; and diafAragm member 34 is operative to hermetically seal 

FIG. 10 is a partial schematic view and a partial cross- JW^y "^^^ oontrd duimber region 40 

sectional view of a fifth exemplary embodiment of the 45 from one another. Additionally, first diaphragm member 34 

present invention which is an mtermittcnt gas delivery is opcratiw to nwvc between a flow-blocking position as 

device used in combination with a conventional nebulizer. ^ ^ * flow-supplying position as shown in 

FIG. 2. 

DETAILED DESOUFTION OF THE Sensing valve 30 includes a sensing valve housing 42 and 

EXEMPLARY ENfBODIMENTS ^ 3 flexible second , di^hragm member 44. Sensing valve 

A pneumatically-operated gas demand apparatus is housing 42 defines a second interior chamber 46 which is 

coupled in intenuptible fluid communication between a formed therein. Second di^hragm member 44 is disposed 

recipient and a source of pressurized oxygen and is ad^ted within second interi(s chamber 46 and is connected to 

for controlling delivery of oxygen to the recipient as the sensing valve housing 42 in a manner to divide second 

recipient inhales and exhales. Although the pneumatically- 55 interior chamber 46 into a venting chamber region 48 and a 

operated gas demand apparatus is specifically suited to sensing chamber region 50. Venting diamber region 48 Is in 

provide oxygen to a recipient/patient, one of ordinary skill intenuptible fluid communication with and between control 

in the art would appreciate that the present invention can chamber region 40 of first interior chamber 36 of supply 

also be adapted and Ujsed to deliver other kinds of gases to valve 28 and an ambient air cnviroimient 52 tfuough a bleed 

recipients such as nitrous oxide. Further* since the 60 conduit 54. Sensing chambcrrcgion 50 is in continuous fluid 

pneumatically-operated gas demand ^>paratus can deliver communication with recipient IZ 

and operate with either a single gas such as oxygen or two Second diaphragm member 44 is operative to hcrmeti- 

gases such as oxygen and inexpensive conqjressed air, other cally seal venting chamber region 48 and sensing chamber 

types of gaises can also be employed without departing from region 50 from one another. Further, second diaphragm 

the spirit and concepts of the present invention. 65 member 44 is responsive when recipient 12 inhales and 

As generally introduced in FIGS. 1-3, a pneumatically- exhales by moving between a flow-stopping position as 

operated gas demand apparatus 10 is coupled in intenuptible shown in FIG. 1 and a flow-causing position as shown by 
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FIG. 2. As best shown in FIG. 3, when rec^ent 12 Inhales, supply orifioe element 86 (drawn symbolically) and a pilot 

second diaphragm member 44 is in the flow-causing position oriflce dement 88 (drawn symbolic^y). For the first exem- 

ihcnby causing oxygen (represented by the single solid line plary embodiincnt of the of the present invention, regulator 

anows) to flow from control chamber region 40, tiirough medianism 82 is a conventional regulator. Regulator mccha- 

venting chamber region 48 and into ambient air environment 5 nism 82 is disposed between and in interruptible fluid 

52, In mrn, second dia]Aragm member 44 being in the communication with source 14 of pressiuized oxygen and 

flow-causing position causes flrst di^hragm member 34 to supply chamber region 38 of supply valve 28. Bolus cham- 

be in the flow-supplying position thereby delivering oxygen ber structure 84 ddines a bolus chamber 90 therein and is 

(rqnesented by dashed arrows) from source 14 of pressur- disposed between and in fluid communication with regulator 

izcd oxygen to recipient 12. As shown in FIG. 2, when mechanism 82 and supply chamber region 38 of supply 

recipient 12 exhales, second diaphragmmcmber 44 is in the valve 28. Supply orifice element 86 is disposed between 

flow-stopping position thereby preventing oxygen to flow regulator mechanism 82 and bolus chamber structure 84. 

from control diamber region 40, through venting diamber Pilot orifice element 88 is disposed between source 14 of the 

region 48 and into ambient air environment 52 which^ in pressurized oxygen and control chamber region 40 of supply 

turn, causes first diaphragm member 34 to be in the flow- valve 28. By way of exaix^le and not limitation, pilot orifice 

blocking position thereby preventing ddiyeiy oi oxygen to element 88 and supply orifice element 86, as reflected by the 

ledpient 12. symbolic drawings, are of an adjustable, variable orifice type 

As best shown in FIG. 3, supply valve 28 includes a which are commonly known in flic art 
supply tube stem 56 and a supply valve ^ng 58. Supply A second exemplary embodiment of a pneomatically- 
tube stem 56 is disposed within supply chamber region 38 of ^ operated gas demand ^aratns 210 of the present invention 
supply valve 28 and has a supply seat 60 defining a supply is introduced in FIGS. 4 and 5. Pneumatically-operated gas 
opening 62 into a tube stem conduit 64, TXibe stem conduit demand apparatus 210 of the present invention is function- 
al provides fluid communication into supply chamber ally similar than the first exemplary embodiment of 
region 38. Supply seat 60 is sized and adapted to removably pneumaticaUy-operated oxygen apparams 10 of the (vesent 
contact a blocking side 64 of first diaphragm member 34 in 25 invention but includes structural modifications as discussed 
a fluid-tight relation when supply valve 28 is in the flow- below. Generally, a skilled artisan would appreciate that 
blocking position as shown in FIG. 1. Also/ as best shown pneumatirally-operated gas demand apparatus 210 int&- 
in FIGS. 2 and 3, supply opening 62 is in a spaced-apart, grates the components referred to hereinabove into a unitary 
fadally-opposing relationship with blocking side 64 when construction. The skilled artisan would further appreciate 
supply valve 28 is in the flow-supplying position. Supply ^ that pneumatically-operated gas demand apparatus 210 
valve spring 58 is disposed within supply chamber region 38 employs a single housing 212 which, in essence, can be 
and surrounding supply tube stem 56. Supply valve spring subdivided into the various housings, stmctuies, interior 
58 is operative to yiddably urge first diaphragm member 34 chambers and chamber regions of the components described 
into the flow-supplying position. above. Therefore, no further discussion of these components 

As best shown in FIG. 3, sensing valve 30 includes a 35 is deemed necessary except as hereinafter described which 

sensing valve seat member 66 and a sensing valve adjust- structiffally distinguishes the first and second exen^Iary 

ment assembly 68. Sensing valve scat member 66 is dis- embodiments frt>m one another. 

posed in and extends into venting chamber region 48. With referenoetoFIGS. 4 and 5, a supply orifice element 

Sensing valve seat member 66 has a sensing valve seat 70 86* has a supply cnifice 92 which is formed therethrough, 

which defines a flow opening 72 into a supply valve conduit 40 Supply orifice 92 is fixed in size and provides fluid com- 

74. Supply valve conduit 74 provides fluid communicarion munication between a regulator mechanism 82* and bolus 

into venting chamber region 48 of sensing valve 30. Sensing chamber 90. A pilot orifice element 88' has a pilot orifice 94 

valve seat 70 is sized and ad^ted to removably contact a which is formed therethrough. Pilot orifice 94 is also fixed 

stopping side 76 of second diaphragm member 44 in a in sized and provides fluid ccHmminication with and between 

fluid-tight relation when sensing valve 30 is in the flow- 45 source 14 ofpressurized oxygen and control chamber region 

stopping position as shown in FIG. 1. Flow opening 72 is in 40 of supply valve 28 through a singlle inlet 96. 

a spaced-apart, facially-opposing relationship from stopping For the second exemplary embodiment of the 

side 72 when sensing valve 30 is in die flow-causing position pneumatically-opaated gas demand apparatus 210 of tfie 

as shown in FIGS. 2 and 3. present invention, regulator medianism %t is en^iloyed 

Sensing valve adjustment assembly 68 includes a set 50 therewith. Regulator medianism 82* includes a regulator 

screw 78 and a sensing valve spring 80. Set screw 78, housing 214, a flexible regulator diaphragm 216 and a valve 

flirpadably mounted into sensing valve housing 42, extends assembly 218. Regulator housing 214 defines a regulator 

into sensing chamber region 50 and is accessible exteriorly chamber 220 farmed therein. Regulator diaphragm 216 is 

of sensing valve housing 42. Sensing vahre spring 80 is disposed within regulator diamber 220 and is connected to 

disposed within sensing chamber region 50 and in contact 55 regulator housing 214 in a manner to divide regulator 

with and between set screw 78 and second diaphragm chamber 220 into a vented regulator chamba region 222 and 

member 44. Sensing valve spring 80 imparts a yiddable a supply regulator chamber region 224. Vented regulator 

tension force "F^^ shown in FIG. 1» to second diaphragm chamber region 222 is. in continuous fluid communication 

member 44 against sensing valve seat 70 to resiliently bias wifli ambient air environment 52. Supply regulator chamber 

second diaphragm member 44 into the flow-stopjnng posi- 60 region 224 is in interruptible fluid communication between 

tion. As commonly known in tiie art, turning set screw 78 in source 14 of pressurized oxygen and supply diamber region 

a first direction "d^'* increases tension force 'T** and turning 38 of supply valve 28. Regulator di^)faragm 216 is operadve 

set screw 78 in a second direction "d,** opposite tiie flrst to hennetically seal vented regulator chamber region 222 

direction "d^" decreases the tension force and supply regulator chamber region 224 from one another. 

Again refieiring to FIGS. 1 and 2, pneumatically-operated 63 Valve assembly 218 is opaably connected to rcgolator 

gas demand apparatus 10 includes a regulator mechanism 82 diaphragm 216 and is disposed within su|^ly regulator 

(drawn symbolically), a bolus chamber stmcture 84, a chamber region 224. Valve assembly 218 is operative 
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between a closed condition (shown in FIG. 4) and an opened operated gas demand apparatus of the present invention and 
condition (shown in FIG. 5). In the closed condition, an superimposed onto a dashed sign wave which reflects an 
ipstrcam portion 226 erf supply regulator chamber region inhalation pressure and exhalation pressure of the recipient 
^ is isolated from fluid communication with a downstream throughout the recipient's breathing cycle. Note the high- 
. portion 228 of supply regulator chamber region 224. In the 5 flow pulse of oxygen flowing dudng an initiation period "i" 
opened condition, upstream portion 226 of supply regulator of flic inhalation phase of flic breathing cycle and the 
chamber region 224 is in fluid communication with down- continuous, lower flow of oxygen flowing during a remain- 
stream portion 228 of supply regulator chamber region 224. ing period "r** of the inhalation jAiase. 
Valve assembly 218 is resiliently and yieldably biased One of ordinary skill in the art would appreciate the 
against regulator diaphragm 216 in the closed condition |q relationship among regulator mechanism 82 (or 82% supply 
while simultaneously therewith regulator diaphragm 216 is orifice element 86 (or 86^, bolus diamber structure 84 
resiliently and yieldahly biased against valve assembly 218 defining bolus chamber 90 and supply valve 28. Oxygen is 
in die opened condition. Now, when a gas pressure reaches conveyed tana regulator mftrftanifni 82 (or 82*) into bolus 
a threshold gas pressure amount in downstream portion 228 chamber 90 through supply orifice dement 86 (or 86*). As 
of supply regulator chamber region 224, valve assembly 218 with any conventional regulator, regulator mechanism 82 (or 
is in the closed condition. And, when the gas pccssuie is less 82') is pre-set to control pressure of the oxygen into 
than flie threshold gas pressure amount, valve assembly 218 pneumaticaUy-opeFated gas demand apparatus of the present 
is in the opened condition so that oxygen can flow from invention. Thus, when supply valve 28 is in the flow- 
iqistream portion 226, through downstream portion 228 and blocking position, oxygen flows into bolus chamber 90 only 
to supply valve 28. 20 *® pre-set control pressure is achieved. When the 
Valve assembly 218 includes a poppet valve stem 230 oxygen discontinues flowing, bolus chamber 90 is charged 
which has a poppet valve head 232. As best shown in FIO. with oxygen at the pre-set control pressure of regulator 
5, poppet valve stem 230 is slidably received by a poppet mechanism 82 (or 82'). When sv^ly valve 28 moves to the 
valve conduit 234 having a poppet valve seat 236. Poppet flow-supplying position, a high flow pulse of oxygen at a 
valve seat 236 is sized and adapted to removably receive 25 ^fi^ ^ (indicated by initiation period "i" in FIG. 6), 
poppet valve head 232 in a matable, fluid-tight relationship is, in essence, injected to nose 24 of rcdpieat 12 in a brief 
when valve assembly 218 is in the closed condition as shown bunt This pulse of oxygen, in part, displaces a portion of 
in FIG. 4. Valve assembly 218 also includes an offset spring exhaled air extant in the recipient's respiratory passageway 
237 which is disposed within upstream pc^on 226 of* at the ending potion of the exhalation phase of the recipi- 
supply regulator chamber region 224 and against poppet 30 ent's breatiiing cyde and, in part, enriches the remaining 
valve head 23Z Offset spring 237 is operative to yiddably portion of air flierein with oxygen. Upon inhalation, recipi- 
urge valve assembly 218 in the closed condition. ent 12 can now ingest oxygen-enriched air from within tiie 
Regulator medianism 82' also has a regulator adjustment recipient's respiratory passageway rather than oxygen- 
assembly 239 wifli an adjustment screw 238 and a set point depleted air remaining in the respiratory passageway from 
spriqg 2A0, Adjustment screw 238 is thrcadably monnted 35 ^ pn<»' expiration. 

into regulator housing 214 and is aocessiUe extcrioriy of An oxygen pressure "blow down** occurs in bolus cham- 

regulator housing 214. Adjustment screw 238 also extends ber 90 when supply valve 28 moves to the flow-supplying 

into vented regulator charnber region 222. Set point spring positicn. ^th the oxygen **blow down** pressure bdow the 

240 is disposed within vented regulator chamber region 222 pre-set control pressure, regulator 82 (or 82*) activates to 

and in contact with and between adjustment screw 238 and 40 convey oxygen at a pre-set pressure through the 

regulator diaphragm 216. As is conunooly known in the art, pneumatically-qperated gas demand apparatus of the present 

advancing adjustment screw 238 into regulator housing 214 invention m a steady state flow during the remaining period 

by a turning knob 235 increases a threshold gas pressure *V* of inhalation phase (illustrated by remaining period 

amount permitted into downstream portion 228 of supply in FIG. This steady state' flow is generally constant 

regulator diambcr region 224 frcHn upstream portion 226 of 45 throughout remaining period V and is less that peak oxygen 

supply regulator chamber region 224 and, ccHxespondingly, flow during initiation period "V*. Hiis steady state flow is 

retracting adjustment screw 238 by turning knob 235 in an controlled by regulator medianism 82 (and 82') and the size 

opposite direction deaeases the threshold gas pressure of supply orifice 92. 

amount permitted into downstream portion 228 of supply Interestingly, the amount of oxygen injected into nose 24 

regulator chamber region 224 from upstream portion 226 erf so of the recipient 12 is governed by the pre-set pressure of 

supply regulator dhamber region 224. Thus, combined regulator 82 (or 82 ). By way of example only and not 

forces of the threshold gas ^xessurc amount acting on a limitation, the regulator roechanism 82 (or 82') is pre-set at 

regulating side 242 of regulating diq)hragm 216 and offset its foU-opened state to deliver a maximum amount of 

spring 237 overcome a spring force exerted by set point oxygen to bolus chamber 90 for which it was designed If 

spring 240 to move valve assembly 218 into die closed 55 one-half of the amount of oxygen is later prescribed for 

condition. injection into recipient 12, then regulator mechanism 82 (or 

Therefore, the oxygen contained in bolus chamber 90 is 82') is adjusted so that the pre-set is at one-half of its 

also under the threshold amount of gas pressure. Now, when fuU-opcnod state. 

recipient inhales, the pneumatically-operated gas demand FIGS. 7 and 8 depict a third exemplary embodiment of a 

apparatus of the present invention deUvers a high-flow pulse 60 pneumatically-operated gas demand apparatus 310 of the 

of oxygen to the recipient/patient upon commencement of present invention. Although structurally similar to the first 

the recipient's inhalation phase of the breathing cycle. Once and second exemplary embodiments of the pneumatically- 

the threshold pressure drops thereafter, valve assembly 218 operated oxygen demand apparatuses of the present 

opens and a continuous flow of oxygen is delivered to the invention, the pneumatically-operated gas demand appara- 

redpient throughout the remaining portion of the inhalation 65 tus 310 delivers a first gas from a first gas source 312 and 

phase. FIG. 6 illustrates a flow-rate of the gas, ie. oxygen, operates on a second gas supplied by a second gas source 

being delivered to the recipient by the pneumatically- 314. Obviously, first gas source 312 is different from second 
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gas souice 314. It is piefeiTed that die first gas and the 
second gas arc different from one another altfaougji the first 
gas and the second gas can be the same, if desired. It is 
preferred that the first gas and the second gas are selected 
from different ones of a group of gases including oxygen, 
nitrous oxide, air or any other kind of gas. However, it is 
possible that the first and second gases are selected from the 
same group of gases, if desired. 

In FIGS. 7 and 8, supply chamber region 38 of supply 
valve 28 is in intecru|^hle fluid communication with and 
between first source 312 of the first gas and the recipi»L 
Control chamber region 40 of supply valve 28 is in con- 
tinuous fluid communication with second souice 314 of the 
pressurized second gas. As shown in FIG. 8, when recipient 
12 inhales, second di^hiagm member 44 of sensing valve 
30 is in the flow-causing position thereby causing the second 
gas to flow from control chamber region 40, through venting 
chamber region 48 and into ambient air environment 52. 
This, in turn, causes first diaphragm member 34 to be in the 
flow- supplying position thereby delivering the first gas from 
the first source of pressurized first gas to the recipient In 
FIG. 7, when the recipient exhales, second diaphragm mem- 
ber 44 is in the flow-stopping position thereby preventing 
the second gas to flow from control chamber region 40, 
throu^ venting chamber region 48 and into ambient air 
environment 52. This, in turn, causes first diaphragm mem- 
ber 34 to be in the flow-blocking position therd)y preventing 
delivery of the first gas to the rec^ient 

This third exen^lary embodiment of the pneumatically- 
operated gas demand apparatus 310 is particularly useful to 
prevent wastage of the first gas. For exan^de, oxygen is 
considered expensive and compressed air is considered 
inexpensive relative to the cost of oxygen. With oxygen used 
as the first ga$, no oxygen is dissipated to the ambient air 
environment and all of the oxygen is delivered to the patient 
With compressed air as the second gas, the inexpensive 
compressed air is now dissipated to the ambient air envi- 
ronment 

A fourth exenq>laiy embodiment of a pneumatically- 
operated gas demand apparaius 410 is introduced in FIG. 9 
and is a unitary construction of the third exemplary embodi- 
ment of the pneumatically-cpecated gas demand apparatus 
310. Pneumaticaliy-operated gas demand apparatus 410 has 
a first gas inlet 412 with a first gas conduit 414 leading into 
upstream portion 226 of supply regulator chamber region 
224. First gas inlet 412 is adapted to connect to the first gas 
source of the pressurized first gas. Pneumatically-operated 
gas Hft^nri apparatus 410 has a second gas inlet 416 with 
a second gas conduit 418 leading into control chamber 
region 224 of supply vahre 28. Second gas inlet 416 is 
adapted to connect to the second gas source of the pressur- 
ized second gas. 

A skilled artisan would appreciate that regulator mecha- 
nism 82 (or 82'), supply orifice element 86 (or 86"), bolus 
chamber structure 84 and supply valve 28 can be combined 
in a raannei described hereinabove to construct an intermit- 
tent gas delivery device 510 as generally introduced in FIG. 
10. Intermittent gas delivery device 510 could be utilized, 
for example, with a nebulizer 512 such as the one described 
in a patent application filed on even date herewith by 
inventors James Chua and Peter W. Salter. Other nebulizers 
are commonly known in the art and can be cn^loyed with 
the present invention if equipped with an inhalation sensing 
structure or supplemental sensing ^paratus. With intermit- 
tent gas delivery device 510 connected in fluid communi- 
cation between gas source 14 of pressurized gas, such as air 
or oxygen, and nebulizer 512, intermittent gas ddivery 
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device 510 generates a fine-mist plume 514 of a 
medicament-containing amsol by first permitting the pres- 
surized gas into nebulizer 512. -Initially, a high flow pulse of 
the pressurized gas generates this fine-mist plume and 

3 subsequently a steady state flow of the gas delivered to 
nebulizer 512 continues to generate and deliver this fine- 
mist plume to the patient The high flow pulse and subse- 
quent steady flow sequentially occurs by the implementation 
of a sense tube 516. A finger 518 of recipient 12 being placed 

10 over a sense tube inlet 520 causes supply valve to be in the 
flow-blocking position. Removing finger 518 from sense 
tube inlet 520 causes supply valve 28 to move to the 
flow-supplying position. One of ordinary skill in the ait 
would appreciate that other methods such as mechanically 

13 tdggcriiig supply valve 28 during a selected interval of time 
within each breathing cyde could be utilized in Ueu thereof. 

The pneumatically-operated gas demand apparatus of the 
present invention can minimize wastage of oxygen, if 
desired. The pneumatically-coated gas demand apparams 

20 delivers a high-flow pulse of oxygen to the recipient/patient 
during an initiation period of the redpient^atient's inhala- 
tion phase of the breathing cyde. This high-flow pulse of 
oxygen causes oxygen enrichment of the exhaled air remain- 
ing in a nasal and other portions of the respiratory passage- 

^ way from the prior exhalation phase of the breathing cyde. 
With this enriched exhaled air now becoming the first air to 
be inhaled into the redpient's lungs» more therapeutically 
valuable oxygen can be utilized by the redpient Thereafr er, 
a continuous flow of oxygen is delivered to the redpient 

^ throughout the remaining period ci inhalation jriiase of the 
breathing cyde. As described, the pneumatically-operated 
gas demand apparatus can be fabricated from readily avail- 
able components or can be integrated into a unitary con- 
, struction. In either regard^ the pneumatically-operated gas 

3^ demand apparams is simple in design and compact. 

Accordingly, the present invention has been described 
with some degree of particularity directed to the exemplary 
embodiments of the present invention. It should be 
appredated, though, that the present invention is defined by 

^ the following daims construed in lig^t of the prior art so that 
modifications or changes may be made to the exemplary 
embodiments of the present invention without departing 
from the inventive concepts contained herein. 
I daim: 

1. In combination with a nebulizer for produdng a 
medicament-containing aerosol and a source of pressurized 
gas, an intermittent gas delivery device disposed t>etween 
and in intermittent fluid communication with the nebulizer 
and the source of pressurized gas, con^sising: 
^ (a) a regulator mechanism in continuous fluid communi- 
cation with and disposed downstream of the source of 
pressurized gas; 

(b) . a bolus chamber structure defining a bolus chamber 
therein and disposed downstream of and in fluid com- 
munication wifli said regulator mechanism; 

(c) a supply orifice element having a supply orifice 
fGrmed therethrough, said supply orifice element dis- 
posed between said r^ulator mechanism and said 

60 bolus diarober, said supply orifice providing fliiid com- 
munication between said regulator mechanism and said 
bolus diamben and 

(d) a supply valve in downstream fluid communication 
with said supply orifice and operative to move between 

65 a fl ow-blocking position whereby the pressurized gas is 
prevented from flowing from the source to die nebu- 
lizer and a flow-supplying position whereby the pres- 
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siuized gas flows from the source to the nebulizer such 
that a hig^ flow pulse of pressurized gas first generates 
a fine-mist plume of the medicament-oontaining aero- 
sol in the nebulizer and subsequently a steady state flow 
of pressurized gas continues to produce the fine-mist 5 
plume of the medicament-containing aerosol in the 
nebulizer until sud supply valves moves to the flow- 
blocking position. 
2; An intermittent gas delivery device according to daim 
1 including a sensing valve opcraUy connect^ to said lo 
supply valve and the source of pressurized gas to cause said 
supply valve to move between the flow-causing and the 
flow-blocking positions. 

3. An intermittent gas deliveiy device according to claim 
1 including a sense tube connected in fluid communication 
with said si^ly valve and having a sense mbe inlet 
thereinto, said sense tube operative with a finger d tht 
recipient to be placed over a sense tube inlet 518 to cause 
said supply valve to be in the flow-blocking position and to 
be removed from said sense tube inlet to cause said S1^lply 
valve to nK>ve to the flow-supplying position. 

4. A pneumatically-operated gas demand apparatus 
according to claim 3 wherein said regulator medianism 
includes a regulator housing, a flexible regulator dii^jhragm 
and a valve assembly, said regulator bousing defining a 
regulator chamber herein, said regulator diaphragm dis- 25 
posed within said regulator chamber and connected to said 
regulatcHT housing in a manner to divide said regulator 
chaniber into a vented regulator chamber region in continu- 
ous fluid communication with the ambient air environment 
and a supply regulator chamber region in intemiptible fluid 30 
communication between the first source of pressurized first 
gas and said supply chamber region of said supply valve, 
said regulator diaphragm operative to heimeticaliy seal said 
vented regulator chamber region and said supply regulator 
chamber region from one another, said v^ve assembly 
opcraUy connected to said regulator diaphragm and dis- 
posed within said supply regulator chainbcr region, said 
valve assembly operative between a closed condition 
whereby an upstream portion of said supply regulator region 

is in fluid is<dation with a downsneam portion of said supply 
regulator region and an opened condition whereby said ^ 
upstream pCHtion of said supply regulator region is in fluid 
communication with said downstream portion of said supply 
regulator region, said valve assembly resilicntly and yidd- 
ably biased against said regulator diq>hFagm in the dosed 
condition, said regulates' diaphragm resiliently and yiddably 45 
biased against said valve assembly in the opened condition 
whereby when a first gas pressure of the first gas reaches a 
threshold gas pressure amount in said downstream portion of 
said supply regulator region, said valve assembly is in the 
dosed condition and when said fint gas pressure is less than 50 
said threshold gas pressure amount, said valve assembly is 
in the opened condition. 

5. A pneumatically-operated gas demand apparams 
coupled in intemiptible fluid communication b^een a 
redpient and a first source of a pressurized first gas and 
ad^ed for controlling delivery the first gas to the 
redpient as Use redpient inhales and exhales, comprising: 

(a) a supply valve including a supply valve housing 
defining a first interior chamber formed therein and a 
flexible first di^hzagm member disposed within said 
first interior chamber and connected to said supply ^ 
valve housing in a manner to divide said first interior 
chamber into a supply chamber region and a control 
chamber region, said supply chamber region being in 
intermptihle fluid communication with and between the 
first source of the first gas and die rec^>ient, said control ^5 
chamber region bang in continuous fluid communica- 
tion with a second source of a pressurized second gas, 



said first diaj^agm mcmba operative to hermetically 
seal said supply dhamber region and said control cham- 
ber region from one anotfier and to move between a 
flow-blocking position and a flow-supplying positiou; 

(b) a sensing valve including a sensing valve housing 
defining a second interior chamber formed therein and 
a flexible second dii^hiagm member disposed within 
said second interior chamber and connected to said 
sensing valve housing in a manner to divide said 
second interior chamber into a venting chamber region 
and a sensing chamber region, said venting chai^ber 
region being in inteiruptible flidd communication with 
and between said control chamber region of said first 
interior chamber of said supply valve and an ambient 
air environment, said sensing dhamber region being in 
continuous fluid communication with the redpient, said 
second dii^uagm member operative to hennetically 
seal said venting chamber region and said sensing 
chamber region from one another and responsive when 
the redpient inhales and exhales to move between a 
flow-stopping position and a flow-causing position 
whereby, when the recipient inhales, said second dia- 
phragm member is in the flow-causing position thereby 
causing the second gas to flow from said control 
chamber region, through said venting chamber region 
and into the anobient air environment which, in turn, 
causes said first diaf^gm member to be in the flow- 
supplying position tfaere^ delivering the first gas from 
the first source of pressurized first gas to the redpient 
and, when the recipient exhales, said second diaphragm 
member is in the flow-stopping position thereby pre- 
venting the second gas to flow from said control 
chamber region, through said venting chamber region 
and into the anobient air environment which, in turn, 
causes said first dia^toigm member to be in the flow- 
blocking position thereby preventing delivery of the 
first gas to the redpient; 

(c) a pilot orifice element having a pilot orifice extending 
therethrough, said pilot orifice element disposed 
between the second source of pressurized second gas 
and said control chamber region of said supply valve, 
said pilot orifice providing fluid communication 
between die second source of pressurized second gas 
and said control chamber region; 

(d) a regulator mechanism disposed between and in 
intemiptible fluid comnuinication with the first source 
of the first gas and said supply chamber region of said 
supply valve; and 

(e) a bolus chamber structure defining a bolus chamber 
therein and disposed between and in fluid communica- 
tioD with said regulator mechanism and said supfdy 
chamber region of said supply valve. 

6. A pneumatically-operated gas demand apparatus 
according to claim 5 wherdn the first gas and the second gas 
are the same. 

7. A pneumatically-operated gas demand apparatus 
acocHxling to daim 6 whorein the fii^ gas and the second gas 
are selected from a group of gases consisting of oxygen, 
nitrous oxide and air. 

8. A pneumatically-operated gas demand apparatus 
according to daim 5 wherein the first gas and the second gas 
are different from each other. 

9. A pneumatically-operated gas demand apparatus 
according to daim 8 wherein the fint gas and the second gas 
are selected from different ones of a group consisting of 
oxygen, nitrous oxide and air. 

10. A pneumatically-operated gas demand apparatus 
according to claim 5 induding a supply odfice element 
having a supply orifice formed therethrough* said supply 
cnfice dement disposed between said regulator medianism 
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and said bolus chaniber, said supply orifice providing fluid 
communication between said regulator mechanism and said 
bolus cfaamba. 

11. A pneumatically-operated gas demand apparatus 
coupled in intemiptible fluid communication between a 5 
recipient and a first source of a pressurized first gas and 
adapted for controlling delivery of tiie first gas to die 
rccqncnt as the recipient inhales and exhales, compiising: 

(a) a supply valve Including a supply valve housing 
defining a first interior charnber fonned therein and a 
flexible first diaphragm member disposed within said 
first interior chanabcr and connected to said stqyply 
valve housing in a manner to divide said first interior 
chamber into a supply chamber region and a control 
chamber region, said siqjply chamber region being in 
intemiptible fluid communication with and t)etween the 
first source of the first gas and the recqiient, said oontrcd 
chamber region being in continuous fluid communica- 
tion with a second source of a pressurized second gas, 
said first diaphragm member operative to hermetically 
seal said supply chamber region and said control cham- ^ 
ber region from one another and to move between a 
flow-blocking position and a flow-supplying position; 

(b) a sensing valve including a sensing valve housing 
defining a second interior diamber fonned therein and 

a flexible second diaphragm member disposed within 25 
said second interior chamber and connected to said 
sensing valve housing in a manner to divide said 
second interior chaniber into a venting chamber re^on 
and a sensing chamber region, said venting chamber 
region t>eing in intemiptible fluid communication with 30 
and between said control chamber region of said first 
interior chaniber of said supply valve and an ambient 
air environment, said sensing chamber region being in 
continuous fluid communication with the recipient, said 
second diaphragm member operative to h^metically 35 
seal said venting chamber region and said sensing 
chamber region fixjm one another and responsive when 
the recipient inhales and exhales to move between a 
flow-stopping position and a flow-causing position 
whereby, when die recipient inhales, said second dia- 
phragm member is in the flow-causing position thereby ^ 
causing ■ the second gas to flow from said control 
chamber region, through said venting chamber region 
and into the ambient air environment which, in turn, 
causes said first dia{^agm.membar to be in the flow- 
supplying position thereby delivering the first gas from 4S 
the first source of pressurized first gas to the recipient 
and, when the recipient exhales, said second diaphragm 
member is in the flow-stopping position diereby pre- 
venting the second gas to flow firom said control 
chamber region, Ihrougfi said ventmg chamber region so 
and into the ambient air environment which, in turn, 
causes said first diaphragm member to be in the flow- 
blocking position thereby preventing delivery of the 
first gas to the recipient; 

(c) a supply orifice element having a supply orifice 55 
formed therethrough, said supply orifice element dis- 
posed between said first source of the first gas and said 
supply chamber r^on of said supply valve, said sup- 
ply orifice providing fluid communication between said 
first source of pressurized first gas and said supply ^ 
chamber region <^ said supply valve; and 

(d) a bolus diambcr structure defining a bolus diamber 
therein and disposed between and in fluid communica- 
tion with supply orifice element and said supply cham- 
ber region of said supply valve. 

12. A pneumatically-operated gas demand apparatus 
coupled in intenuptible fluid communication bdtweca a 
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tedpient and a first source of a pressurized first gas and 
adapted for controlling delivery of the first gas to the 
redpient as the redpient inhales and exhales, comprising: 

(a) a supply valve including a simply valve housing 
defining a first interior chamber formed therein and a 
flexible first diaphragm member disposed within said 
first interior chamber and connected to said supply 
valve housing in a manner to divide said first interior 
chamber into a supply chamber region and a control 
chamber region, said supply chamber region being in 
intemiptible fluid communication with and between the 
first source of the first gas and the recipient, said control 
chamber region being in continuous fluid communica- 
tion widi a second source of a pressurized second gas, 
said first diaphragm meml>er operative to hermeticaUy 
seal said supply chamber region and said control cham- 
ber region from one another and to move between a 
flow-blocMng position and a flow-supplying position; 

(b) a sensing valve indudihg a sensing valve housing 
defining a second interior chamber formed therein and 
a flexible second diiq^hragm tnember disposed within 
said second interior chamber and connected to said 
sensing valve housing in a manner to divide said 
second interior chamber into a venting chamber region 
and a sensing chamber region, said venting chamber 
region being in intenuptible fluid communication with 
and between said control chamber region of said first 
interior chamber of said supply valve and an amtnent 
air environment, said sensing chamber region being in 
continuous fluid communication with the redpient, said 
second diaphragm noember operative to hermetically 
seal said venting chamber region and said sensing 
chamber region from one another and responsive when 
the redpient inhales and exhales to move between a 
flow-stopfdng position and a flow-causing position 
whereby, when the redpient inhales, said second dia- 
phragm member is in the flow-causing position thereby 
causing the second gas to flow fr<xn said control 
chamber region, through said venting chamber region 
and into the ambient air environment which, in turn, 
causes said first diajdiragm member to be in the flow- 
supplying position diere^ delivering the first gas from 
the first source of pressurized first gas to the redpient 
. and, vAicn therecqxieiit exhales, said second diaphragm 
meniber is in flie flow-stopping position thereby pre- 
venting the second gas to flow firom said control 
chamber region, through said venting diamber region 
and into the ambient air environment which, in turn, 
causes said first diaphragnu, member to be in the 
flow-blocking position thereby preventing delivery of 
Uie first gas to the redpient; 

(c) a regulator mechanism disposed between and in inter- 
ruptible fluid communication with flie source of pres- 
surized oxygen and said supply chamber region of said 
supply valve; and 

(d) a bolus diambcr structure defining a bolus chamber 
therein and disposed between and in fluid oommunica- 
tioa with said regulator mechanism and said supply 
chamber region of said supply valve. 

13. A pneumatically-operated gas demand apparatus 
according to daim 12 inducting a supply orifice element 
having a supply orifice formed theretlnough, said supply 
orifice element disposed between said regulator mechanism 
and said bolus chamber, said supply orifice providing fluid 
communication between said regulator mechanism and said 
bolus chamber. 
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